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Abstract
An Analysis of Urban Densification and On-Road Carbon Dioxide Emissions Within Los
Angeles County
Michael Brown
In 2015, Los Angeles County formalized its climate action goals, working to significantly
reduce on-road CO2 emissions in unincorporated zones. A strategy outlined by the county’s
Climate Action Plan, is to increase mixed-use development to significantly reduce on-road CO2
emissions. The goal of this study is to quantify the relationship between changes in urban
density, population density and on-road emissions across 30 selected cities in Los Angeles
County using time series data from 2013 to 2017. Per capita on-road CO2 emissions is calculated
using commuting data as a proxy. Changes in urban development density is recorded in acres,
categorized as medium-low and high density or mixed-use development for each city within its
corresponding year. Population density is a factor of population per square mile for each city.
Time-series data is analyzed to quantify the relationship between changes in population, urban
development and subsequent emission levels. The results of this study conclude that increasing
population density reduces on-road emissions more effectively than increasing building density
does. A 1% increase in population density is associated with a decrease of .031% on-road
emissions, while a 1% increase in high density development decreases on-road emissions by
.0004%. Based on 2013-2017 trends, an increase of population density by 354% would predict a
reduction of on-road emissions by 11%, working to reach climate action goals.
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I. Introduction
Background
There is significant evidence pointing to the relationship between human-induced
atmospheric CO2 and climate change (Murphy et. al., 2010). The combustion of fossil fuels
leaves CO2 in the atmosphere for up to one-thousand years (nasa.gov, 2020). Thus, what cars
emit today will linger in Earth’s atmosphere for generations. Climate change presents extreme
threats to global ecological, economic and social sustainability (Tisdell, 2019). Natural disasters
will be more frequent and with greater severity (Tisdell, 2019). This will reduce economic output
and cause groups of people to be displaced (Tisdell, 2019). Governments around the globe are
working to come up with new energy policies that will reduce the quantity of atmospheric
greenhouse gases today to mitigate the negative externalities of climate change tomorrow (Liski
and Vehviläinen, 2017). The Intergovernmental Panel on Climate Change predicts the global
average temperature to rise between 0.3 to 3.7 degrees Celsius within the next century if
emissions are unabated (IPCC, 2007).
It is widely accepted that CO2 emissions are predominantly derived from the combustion
of fossil fuels, most often occurring in urban areas (IPCC, 2007). While only covering around
0.9% of global land surface, urban areas emit a significant portion of all anthropogenic CO2
(Seto et, al., 2014; Ribiero, Rybski and Kropp, 2019). Reducing urban CO2 emissions is of
increasing importance in light of an estimated global urban population growth of over 70% by
the year 2050 of which will only further exacerbate climatic issues (Siemens, 2020).
Urban areas emit vast quantities of CO2 through electricity and heat production, industry,
transportation and in some places agriculture (IPCC, 2007). The majority of CO2 emissions from
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transportation come from road, rail, air and marine transportation (IPCC, 2007). Transportation
energy is almost single handedly categorized by petroleum-based fuels including both gasoline
and diesel (IPCC, 2007). In many parts of the world, electricity is produced through the burning
of coal (Schmid, 2017). For this reason, the introduction of the electric car has not significantly
reduced CO2 emissions (Schmid, 2017).

On-Road Emissions
Following only China, The United States is the second largest energy consumer in the
world (Schmid, 2017). On-road emissions account for 28% of all CO2 generated in the United
States (Gately, et. al., 2015). Even in light of state and federal fuel standards aimed at reducing
emissions, on-road emissions have persisted to be one of the nation's largest greenhouse gas
sources. On-road transportation is made up of both private and commercial vehicle use
(Community Climate Action Plan, 2020).
Previous research has been conducted analyzing trends in urban density throughout North
America’s major metropolitan regions (Townsend and Ellis-Young, 2018; Omrani et. al., 2019).
These analyses often focus on cities including Miami, New York, San Francisco and Los
Angeles to better understand how to mitigate the future outcome of climate change by reducing
on-road CO2 emissions (Frey, 2018). However, only recently have researchers begun to look
into these trends past a snapshot view, and to investigate change across time (Gately et, al.,
2015).
There is a growing understanding of the connection between individual’s travel behavior
as a result of varying degrees of urban densification and population density (Gately, et. al.,
2015). Whereas changes in urban density are thought to alter commuting practices directly,
population density acts as a proxy for urban characteristics that are difficult to measure directly.
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These characteristics include a city’s walkability, access to public transportation and other
factors within a city that influence peoples’ commuting behavior (Gately et. al., 2015).

Urban Density and Emissions
Across the globe, city managers have promoted the notion that increased densification
will result in reduced on-road emissions and is thus a strategy for combating climate change
(Gately et. al., 2015: Wang et. al., 2014).
Increasing building density has been recognized to reduce per capita on-road emissions
for major cities across the globe (Makido et. al., 2017; Gately et. al., 2015). Cities that include
defined city-centers, mixed-use development and simple road-ways with few side-streets
experience greater on-road efficiency than cities who do not (Makido et. al., 2017). When cities
become more dense personal automobile transportation declines while commercial on-road
transportation varies, however it is still unclear how to reduce commercial automobile
transportation in urban regions (Makido et. al., 2017).
In the United States there is a sustained decline in per capita emissions as urban areas
become more dense (Gately et. al., 2015). Increasing urban density in the developed world leads
to net energy savings when the energy emitted directly by buildings is considered (Güneralp et.
al., 2017). Building compactness reduces total energy use through more efficient heating and
cooling systems (Güneralp et. al., 2017). Mixed-use development reduces the total energy use of
homes and offices when they are aggregated in the same building, allowing shared heating and
cooling between spaces (Güneralp et. al., 2017).
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For cities with a similar population profile, urban building density is found to reduce per
capita CO2 emissions to a greater degree than population density alone (Gudipudi et. al., 2014).
This means that building density has a stronger impact on reducing CO2 emissions than simply
increasing population density in the same area. Another significant factor that contributes to per
capita emissions is personal wealth (Gudipudi et. al., 2014; Bettencourt et. al., 2007). As income
increases so do per capita emissions, as Americans will more often choose to drive less fuel
efficient vehicles and not take part in public transportation (Gudipudi et. al., 2014; Bettencourt
et. al., 2007).
Although some cities become more dense in terms of urban morphology, they still lack
access to public transportation. A lack of public transportation in light of more dense space, often
results in increased per capita CO2 emissions, largely due to longer commute times and slow
public transportation options (Gudpudi et. al., 2014). Well-maintained roads and timely public
transportation, create more efficient commutes, reduce traffic and save energy (Carsten et. al.,
2008). Thus, it is not purely urban building density that is reflective of decreased emissions, but
density is a baseline that when added to greater access to public transportation and better
transportation infrastructure is reflective of noticeable CO2 reductions. This is true specifically
in Japan where cities emit less CO2 per capita when they have greater building density yet are
also less fragmented by means of improved public transportation (Makido et. al., 2017). The
United States has not implemented as effective public transportation options as many other
developed countries have, limiting the potential benefit of urban densification (Buehler, 2018).
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Population Density and Emissions
Cities in the United States with the highest population densities tend to also have the
lowest per capita emissions (Timmons et. al., 2016; Rybski et. al., 2013). San Francisco has both
increased its population density and has lowered per capita emissions through improvements in
public transportation efficiency (San Francisco Community Inventory Report, 2016). For mega
cities both in the United States and abroad, per capita emissions and population density are
typically related linearly over time (Rybski et. al., 2013). Unaccounted for cultural differences
also contribute to behavioral changes, especially within Asian and American contexts. For
example, Japanese citizens with higher income levels often emit less on-road emissions per
capita than poorer citizens do. In contrast, higher income levels in the United States, often
increase per capita emissions (Makido et. al., 2017).
Climate Action Planning
Climate action planning is a strategic process to reduce GHG emissions and to create
resilient communities. Climate action plans work to protect the environment, mitigate the effects
of natural disasters, gain energy security and create economic development (Boswell, Greve and
Seale, 2019). Although there is no formal structure for what a climate action plan must include,
cities usually follow ICLEI’s Cities for Climate Protection Five Milestones (Boswell, Greve and
Seale, 2019). These five milestones are; (1) inventory GHG emissions, (2) establish a reduction
target, (3) develop a climate action plan, (4) implement policies and measures and (5) monitor
and verify results (icleiusa.org, 2020).
The most effective climate action plans incorporate sound science, public education, and
are globally relevant but also locally specific (Boswell, Greve and Seale, 2019). At present, over
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200 cities in the U.S. have committed to over 500 climate action goals orchestrated by the United
Nation’s Global Climate Action portal (Global Climate Action NAZCA, 2019). Throughout the
nation a multitude of cities, counties and other municipalities have moved past the planning
phase and are now in the process of implementing a wide variety of climate action strategies
(Boswell, Greve and Seale, 2019). For a climate change strategy to be effective, it must be
implemented with the local context in mind. There is a clear need for locally specific climate
action plans that take into consideration local land use practices, transportation options, cultural
values and other regionalities. No single climate action plan will work effectively across all
regions. For this reason many climate action plans across the country include different
transportation alternatives, design criteria, land use practices and financial policies (Boswell,
Greve and Seale, 2019). Climate action plans are often part of a City’s general plan update,
fitting climate change strategies into previously existing energy, transportation and economic
initiatives (Boswell, Greve and Seale, 2019).
Importance of Research
Across the United States, counties are confronted with cyclical urban sprawl that further
encourages personal automobile transportation, making it a challenge to effectively implement
climate action plans and significantly reduce on-road emissions. By more effectively measuring
urban density and on-road emissions, urban planners can continue to work towards climate
action goals, outlined by national and international organizations. These goals include mitigating
the effects of climate change by reducing vehicle-based emissions.
A quantitative case study analysis of Los Angeles County will be conducted to examine
the impact of changes in urban density on CO2 emissions. Los Angeles County aims to reduce
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the impacts of climate change by reducing all GHG emissions from community activities by at
least 11% below 2010 levels by 2020 in unincorporated areas (Community Climate Action Plan,
2020). This includes reducing gasoline consumption for personal and commercial on-road
vehicles by more than 220 million gallons (Community Climate Action Plan, 2020). The goal of
this research is then to evaluate the connection between densification and on-road emissions in
incorporated Los Angeles County zones where data is available and to use these trends as
estimates for unincorporated regions. With this, we can better understand the efficacy of
densification as a key reduction strategy within a local context.
General Research Question
How do changes in urban density alter on-road emission trends for Los Angeles County
between 2013 and 2017 ?

Hypothesis
Based on the research given by Gudipudi et. al., (2016) and Wang et. al., (2014) it is
hypothesized over time that increased urban densification in Los Angeles County is associated
with significantly reduced on-road emissions and will act as an effective CO2 reduction strategy.
It is predicted that over time high density urban development will reduce CO2 emissions per
capita while medium-low density increases emissions per capita, following the logic of urban
sprawl.
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II. Methods and Data
Study Area
Since the beginning of the twentieth century, Los Angeles County has been identified as
a predominantly automobile based culture (Martin and Crawford, 1992). As part of this, the
population has increased more than any major urban area in the high-income world, second to
only Tokyo (Cox, 2008). Shortly after the second world war, the greater Los Angeles area
boomed, characterized by the construction of single-family homes with low urban density,
further exaggerating daily commute practices (Lane et. al., 2007). Population growth in Los
Angeles County has been largely dispersed, with many densely populated cities located outside
of the City of Los Angeles (Lane et. al., 2007). Stretching from the Santa Monica Mountains to
the West and nestled back into the San Gabriel Mountains to the East, Los Angeles County is
both geographically spread out and topographically diverse (Map 1).
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Map 1: Topographic Map of Los Angeles County

Urban sprawl and homogeneous urban development have resulted in large distances
between corporate and residential spaces (Lane et. al., 2007). This pattern of development has
promoted extended vehicle commute times and increased the need for on-road transportation
(Glaesar and Kahn, 2008). The second largest source of greenhouse gas emissions in
unincorporated Los Angeles County is attributed to on-road transportation including personal
automobiles, commercial trucks and buses at 42% of the total (Figure 1). The average resident
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in Los Angeles County commutes over a half an hour from home to work, with the majority of
cars filled by only an individual driver (DataUSA, 2020). Car dependency in Los Angeles
County is directly linked to unusual rates of smog pollution, greenhouse gas emissions, social
isolation, and low urban density (Lorr, 2012).

Figure 1: Percent share of emissions sources in Unincorporated Los Angeles County
Source: Los Angeles County Community Climate Action Plan (2020)
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Los Angeles County Climate Action Plan
In an effort to reduce on-road gasoline consumption, Los Angeles County adopted a
Climate Action Plan initially in 2015 with updates in 2020 (Community Climate Action Plan,
2020). One of the County’s strategies to accomplish its goal of reducing on-road gasoline
consumption for unincorporated county zones, is to increase mixed-use development and to
reduce commute times. However, it is still unknown if mixed-use development is an effective
enough strategy to significantly reduce emissions in Los Angeles County, due to cultural
preferences around automobile transportation and lack of public transportation options. There are
no specific CO2 reduction goals for incorporated regions of the county. At present, individual
cities including Los Angeles and Santa Monica have formed their own climate actions plans
(plan.lamayor.org and smgov.net). For this reason, this analysis uses data from incorporated
cities of which surround the unincorporated county zones, assuming similar trends would take
place across the entirety of Los Angeles County.
For this study, 30 out of 111 cities located in Los Angeles County were selected for
analysis. Limited availability of commuting data prohibits analyzing every city in the County.
The geographical location of the cities included in this analysis are shown in Map 2. The
unincorporated county zones discussed in Los Angeles County’s climate action plan is indicated
by Map 3. The only unincorporated zones that are not surrounded by cities included in this
analysis are Santa Catalina Island and San Clemente Island. For the purposes of consistency in
the data, the scope of this research is defined to only mainland Los Angeles County regions.
There are no islands indicated in the data used in this research.
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Map 2: Selected Cities Within Los Angeles County
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Map 3: Unincorporated Los Angeles County
Source: lacounty.gov

Measuring On-Road Emissions Per Capita
To evaluate the effect urban density and population density have on emissions,
commuting data is used as a proxy. Personal vehicle behavior is found to be best predicted by
city level commuting data (Gately et. al., 205). Since CO2 emissions are not directly provided by
Los Angeles County, an estimate of average commute times, average road speeds and miles per
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gallon are aggregated at the city level. To understand trends over time, city level commuting data
is obtained from DataUSA for the years between 2013-2017.
The variable average on-road transportation emissions per capita is estimated by
aggregating, average commute times across each city with averaged annual on-road mileage per
gallon (United States Department of Transportation, 2020) and commute speeds (Socalworks,
2020). This was then converted to represent pounds of CO2 by using the conversion factor of
19.64 lbs of CO2 per gallon, as shown by the equation below (United States Information
Administration, 2020).
Daily Average On-Road Transportation Emissions Per Capita =
(𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑆𝑝𝑒𝑒𝑑 𝑖𝑛 𝑀𝑃𝐻 𝑥 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐶𝑜𝑚𝑚𝑢𝑡𝑒 𝑇𝑖𝑚𝑒 𝑖𝑛 𝐻𝑜𝑢𝑟𝑠) ÷
(𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑀𝑃𝐺 𝑥 19.64 𝑙𝑏𝑠 𝐶𝑂2)
Measuring Urban Density
Urban density levels are measured in acres for each city between the years 2013-2017
using Cropscape a GIS tool created by the National Agricultural Statistics Service in the United
States Department of Agriculture (nass.usda.gov). Density levels are selected between these
years specifically to match each city’s commuting data. CropScape defines urban density by
three categories, high, medium and low, measured in acres. CropScape specifically defines the
urban density levels according to the following criteria:
“Acre blocks are matched to particular cities, according to city boundary layers, that then
border the set measurements, according to density type. For example, a selected city will
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incorporate differing acres of high, medium and low density levels all within the
designated boundaries.” (The United States Department of Agriculture, 2020)
There is evidence that impervious surfaces significantly increase with urban space
(Strohbach et. al., 2019). Common impervious surfaces include, but are not limited to, rooftops,
walkways, patios, driveways, parking lots or storage areas, concrete or asphalt paving, oiled,
macadam or other surfaces which similarly impede the natural infiltration of stormwater.
Landscape ecologists refer to urban impervious surfaces as, “hidden urbanization,” an underlying
factor now being used to measure urban space (Strohbach et, al., 2019). Areas of high urban
density tend to have higher degrees of impervious surface compared to single-family residences
(Strohbach et. al., 2019). Between 2000 and 2009 impervious cover increased by 17.8% across
Los Angeles County (Lee et. al., 2017). Although beyond the scope of this research, there are
connections between water quality, groundwater storage and the hidden urbanization effect on
impervious surfaces (Strohbach et. al., 2019).
According to CropScape, high density is categorized by urbanized areas where people
reside or work in high numbers. Examples include, apartment complexes, row houses and
commercial or industrial spaces. For this variable, impervious surfaces account for 80% to 100%
of the total cover. This variable is synonymous with what many urban planning departments
refer to as, mixed-use development (Y. Zhengwei, personal communication, July 24, 2020)
Cropscape defines medium density as categorized by areas with a mixture of constructed
materials and vegetation. Impervious surfaces account for 50% to 79% of the total cover. These
areas most commonly include single-family housing units. CropScape defines low density by
areas with a mixture of constructed materials and vegetation. Impervious surfaces account for
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20% to 49% percent of total cover. These areas most commonly include single family housing
units.
Due to ambiguity between medium and low urban density levels and for the purposes of
this analysis, the variable medium-low density was created to characterize urban development
that includes primarily single family residences. For medium-low density, impervious surfaces
range from 20% to 79%.
Data Organization
The data is organized as a balanced panel design between 2013 and 2017 made up of
variables including, population, population density, medium-low density, high density, and
average daily on-road transportation emissions per capita, as well as year factor variables
(2015-2017) and a lagged independent variable of average daily on-road transportation
emissions per capita in order to control for autocorrelation. The population data was obtained
from the United States Census then divided by square mileage to acquire population density. All
GIS data was archived together in Excel and later organized by city across corresponding years,
together with emissions and population data. Once aggregated this Excel sheet was imported into
R statistical software to perform the analysis.
Data Analysis
When looking for association between variables across a city scale, Wang et. al., (2014)
argue using logarithmic linear regressions in order to capture percent change. It is assumed that
logarithmic regressions are clearer and more useful to apply for city managers when looking for
trends across large regions over time (Wang et. al., 2014).
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For this analysis the R Statistical Software package GLM2 is used to evaluate the
logarithmic multivariate linear regression model, weighted by population to capture the
relationship between changes in urban density and subsequent daily commuting emissions
measured in pounds of CO2 per capita between 2013 - 2017 in Los Angeles County (See
Appendix for full R Script). The data is not normally distributed, however it is not assumed that
normal distribution is necessary for the type of panel data used in this analysis (Battese and
Coelli, 1995).
Due to the nature of the data set, consisting of cities with highly varying population sizes,
it is believed that using a logarithmic linear regression weighted by population is necessary to
control for city size. This allows for cities of all population sizes to be represented equally in the
data set, controlling for varying demographic factors that fluctuate based on sub-region. The
dependent variable CO2 Emissions Per Capita is quantified for each of the 30 selected cities by
corresponding year. This is regressed with the independent variables population density,
medium-low density and high density listed for each city by year. Once the data is recognized as
time series, R auto generates year factor variables for 2015, 2016 and 2017. The reason 2014 and
2013 are not shown is because a lagged independent variable (CO2 Emissions Per Capita) is
used to control for autocorrelation.
Statistical Model
log CO2_Per Capitait = 𝑢 + 𝛽1 log Pop_Densit + 𝛽 2 log Dev.MLit+ 𝛽 3 log Dev.Hit +𝛽 4 log Emislagit-1
+𝛽 5 factor(2015)i+ 𝛽 6 factor(2016)i + 𝛽 5 factor(2017)i+𝛾it
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Table 1
Variables

Variable Description

CO2_Per Capita

Average Daily On-Road Transportation
Emissions Per Capita For Each City Between
2013 – 2017

Pop_Dens

Population Per Square Mile For Each City
Between 2013 – 2017

Dev.ML

Medium-Low Density Urban Development in
Acres For Each City Between 2013 – 2017

Dev.H

High Density Urban Development in Acres
For Each City Between 2013 – 2017

Emislag

Lagged (-1 year) Independent Variable of
CO2_Per Capita

Factor(2015)

Factor Variable for Year 2015

Factor(2016)

Factor Variable for Year 2016

Factor(2017)

Factor Variable for Year 2017

III. Results
The main focus of this study is to research the relationship between urban density and onroad CO2 emissions in Los Angeles county. Following the recommendations outlined by Wang
et. al, (2014), logarithmic linear regressions are used to analyze panel data between the years
2013-2017, across 30 selected cities. The coefficients of logarithmic linear regressions are
interpreted as the percent change of the independent variables associated with a 1% change in the
dependent variable. The software R was utilized to quantitatively estimate the results of the
statistical model.
Urban densification in Los Angeles County has shown little noticeable change between
the years 2013 and 2017 (Figure 2).
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Figure 2: Acres of high and medium low density urban development in Los Angeles County between the years 2013 and 2017

For the years analyzed, medium-low density development far outreached the total acreage of
high density when aggregating the acreage of the 30 selected cities in the county. The total
acreage of medium-low density development in Los Angeles County exceeds high density
development by over 400,000 acres (Figure 2).
Annual vehicle miles traveled (VMT) has increased by over 7 million miles per year
between 2013 and 2017 alone (Figure 3).
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Figure 3: Total vehicle miles traveled in Los Angeles County between the years 2013 and 2017

While the number of acres of high-density and medium-low density development remained
generally static over the study period, total VMT in Los Angeles County increased by over 7
million miles per year between 2013 and 2017 (Figure 3). Between 2014 and 2015, Los Angeles
County experienced the largest annual increase in total VMT and daily average commute per
capita (Figure 3 and Figure 4). It is noted that this spike in around 5 million miles of total VMT
is parallel to an increase of daily average commute time per capita of around 2 minutes (Figure
4). Simply stated, people were spending more time commuting every day and adding millions of
more miles of total travel on the roads in Los Angeles County every year.
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Figure 4: Average daily commute per person in Los Angeles County measured in minutes between the years 2013 and 2017

Between 2013 and 2017 Los Angeles County is driving farther distances and using more time to
do so. Between 2013 and 2017 the average time spent commuting per person in Los Angeles
County increased by around two minutes, from 30 to almost 32 minutes each day (Figure 4).
On-road per capita emissions is a function of time, distance and average speeds. Per
capita emissions fluctuate with periodic peaks and troughs between 2013 and 2017 (Figure 5).
Per capita emissions decline slightly between 2013 and 2014 and then again increase into 2016,
tailing out the year later (Figure 5). These periodic fluctuations reflect the complicated nature of
on-road emissions in Los Angeles County.
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Figure 5: Average daily on-road emissions measured in lbs of CO2 per capita in Los Angeles County between the years 2013 and 2017. The red
line indicates the implementation of Los Angeles County’s Climate Action Plan for unincorporated zones in 2015.

Results indicate that on-road emissions have fluctuated above and below daily averages around
370 lbs of CO2 per capita between 2013 and 2017, even in light of the county’s climate action
plan, initially formed in 2015 (Figure 5).
Regression Analysis Results
Following the recommendations outlined by Wang et. al., (2014), logarithmic linear
regressions are used to analyze panel data between the years 2013-2017, across 30 selected
cities. The coefficients of logarithmic linear regressions are interpreted as the percent change of
daily per capita CO2 emissions with a 1% change in population density, acres of medium-low or
high density development. The software R was utilized to quantitatively estimate the results of
the statistical model. The variables were first evaluation for correlation with the results indicated
below (Table 2).
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Table 2
Correlation (CO2_PerCapita)
Variable

Correlation

Dev.H

.068

Dev.ML

.107

Pop_Dens

-.109

The closer a correlation is to 0, the weaker the linear relationship. A positive correlation
indicates that both high density urban development or medium-low density development and
average lbs of CO2 per capita per day increase in a parallel fashion. Negative correlation values
indicate a polar relationship between the variable listed and average lbs of CO2 per capita per
day emitted from on-road commuting. Acres of medium-low density development has a stronger
correlation than high density development does with average daily lbs of CO2 per capita. There
is a negative correlation between population density and daily average lbs of CO2 per capita,
reflective of their slightly polar relationship.
A lagged independent variable is included in the model to reduce the autocorrelation in
the standard errors. A Breusch-Godfrey test is used to test for the presence of autocorrelation in a
model’s standard errors for models by making use of the residuals used in the analysis and
creates a test statistic accordingly (Breusch, 1978). The null hypothesis is that there is no serial
correlation of any order. The Breusch-Godfrey test for this model indicates there is p-value that
is greater than the test statistic (Table 3) indicating there is no serial autocorrelation in the errors
of the regression.
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Table 3
Breusch-Godfrey Test
LM test

0.017931

P-Value

0.8935

The regression results were weighted by population, controlling for varying total
population sizes between cities. The panel data include 150 total observations across the 30 cities
with each variable between the years 2013 and 2017. Although the issue of positive
autocorrelation was resolved once the lagged independent variable was included, the coefficients
for the regression became less statistically significant.
The empirical results suggest that based on a city’s 2013-2017 population, a 1% increase
in population density (people per square mile) is associated with a decrease in .031% average lbs
of CO2 per capita emitted during a daily commute (Table 3). Similarly, a 1% increase in the
acreage of high-density urban development is associated with a decrease of .0004% average
daily lbs of CO2 per capita emissions (Table 3). In contrast, a 1% increase in the acreage of
medium-low density urban development is related to an increase of .0008% average daily lbs of
CO2 per capita emissions (Table 3).
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Table 4
Logarithmic Regression Output
Dependent Variable: Per Capita Emissions
Variable

Coefficients

Std. Error

T value

Pr(>|𝑻|)

Pop_Dens

-0.031498

.0026435

0.498

0.236

Develop_H

-0.0004424

.0014728

-0.300

0.764

Develop_ML

0.0008735

.0017523

-1.192

0.619

Emis_lag

0.9707231

.0155428

62.455

< 2e-16***

Factor(2015)

.0283942

.0026930

10.544

< 2e-16 ***

Factor(2016)

.0245806

.0026457

9.291

1.43e-15***

Factor(2017)

-.0132654

.0026421

-5.021

1.96e-06***

Constant

0.0783655

.0505015

1.552

<0.124

Weight: Population
N: 150

99% Confidence Interval**
95%Confidence Interval*
These results suggest that the largest reduction in on-road emissions is attributed to
increases in population density rather than building density. While there is a small reduction in
emissions associated with increased high urban density, simply increasing population is a more
effective way of reducing CO2 emissions. The results also suggest that increasing the acres of
medium-low density development will lead to a small increase in on-road emissions. Through
looking at the coefficients for the year dummy variables we find that 2015 and 2016 were
associated with greater per capita emissions whereas 2017 is associated with a decrease of per
capita emissions. This is reflective of increases in emissions between 2015 and 2016 with a slight
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decrease into 2017. The results from the year dummy variables follow the pattern shown above
in figure 5.

IV. Discussion
The main focus of this study is to analyze trends in densification and on-road CO2
emissions in Los Angeles county in order to better evaluate the efficacy of the county's Climate
Action Plan. In 2015, Los Angeles County’s Climate Action Plan aimed to reduce GHG
emissions from the community by at least 11% below 2010 levels by 2020 (Los Angeles County
Climate Action Plan, 2015).
The results from this research indicate that increasing population density is more
effective at reducing emissions than increasing building density. A 1% increase in population
density is associated with a minute decrease of .031% average daily on-road emissions in lbs of
CO2 per capita. Although the effect is small, population density reduces emissions more
effectively in Los Angeles County than high density urban development.
The results reflect the hypothesis that increased high density development leads to lower
on-road emissions while medium-low density increases them, following the logic that urban
sprawl does in fact increase emissions. However, the results indicate that the most effective
emissions reduction method is to increase population density rather than building density. Rather
than focusing urban planning strategies around urban densification, the county may want to
pursue alternative strategies to significantly reduce emissions in a short time-frame. Based on the
total gasoline consumed in 2017, Los Angeles County would need to increase its total population
density by 354% to reach the county’s goal of reducing emissions by 11%. In 2017, Los Angeles
County averaged just over 8,500 people per square mile. Increasing population density by 354%
would result in an estimated 30,090 people per square mile.
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Strategies to Increase Population Density
Population density is both a cause and a consequence for the evolution of a city
(Duranton and Puga, 2020). Population densities are increasing across major metropolitan cities
throughout the United States without strategic policy measures in place to do so (Pack, 2020).
Simply because most company offices are within proximity to urban centers, people are moving
into urban areas in hopes of potential economic gain (Pack, 2020).
However, there are strategies that Los Angeles County could implement to further
encourage population density to increase. It is found that local governments can promote a rise in
population density through residential coding policies that allow more people per home
(Duranton and Puga, 2020). Other strategies to increase population density are more intertwined
with parallel increases in building density. For example, reducing single-family zoning and
reducing the permitted maximum lot size, encourage more people to live in the same square mile
(Duranton and Puga, 2020). 75% of Los Angeles County is zoned for single-residences and can
easily be coded otherwise (Duranton and Puga, 2020). Since population density and building
density are often intertwined, it can be difficult to separate these outcomes in formal policy
making (Duranton and Puga, 2020).

Los Angeles County Trends
This research shows that as population density increases, per capita on-road emissions
decrease (Table 3). High density urban space decreases emissions to a smaller degree than
population density does. Additionally, medium-low density urban development across each city
is associated with increases in per capita on-road emissions following the logic that urban sprawl
elevates emissions levels (Table 3). Although high urban density within this research is reflective
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of mixed-use development, incorporating, corporate and residential spaces within the same acre,
and is found to reduce emissions to a small degree. The results indicate that only a .0004%
emissions reduction is associated with a 1% increase in high density urban development.
Nonetheless, this trend is likely due to the nature that as cities become more heterogeneous,
mixing residential and corporate space, citizens can live closer to where they work, reducing
their daily commute to at least some degree. However, these results are somewhat contradictory
when considered along with commute time across each city, as daily averages have slightly
increased over the time frame under consideration (Figure 6). It should also be noted that there is
more green-space characterized in areas of medium-low density development that may
potentially act as a source for carbon sequestration. This indicates that the current model under
consideration is far too simplistic to realistically capture the complexity of variables that must be
considered when predicting the relationship between individual travel behavior, demographics
and urban design. A major shortcoming of this research is the lack of consideration of how
wealth and access to public transportation affect on-road emissions across the various cities in
Los Angeles County.
Increasing high density urban space does not appear to be the most effective emissions
reduction strategy and should arguably not be considered a priority in Los Angeles County’s
climate action plan. Los Angeles County will need to drastically increase their population density
along with urban densification in order to begin to experience a noticeable reduction in on-road
CO2 emissions. Other policies the county considers to impactfully reduce emissions within a
shorter time frame, include public transportation efficiencies, ride-share programs and more
extensive bicycle routes. It is clear that neither increased population density nor building density
will result in significant enough reductions in CO2 for Los Angeles County to reach the goals
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outlined in its climate action plan. This is most likely due to the fact that as urban density has
increased, public transportation is not being adequately partnered with regional density changes.

Future Research
There appears to be a disconnect between timescales presented in the Climate Action
Plan and the potential lag created by GHG reduction strategies. The county aims to reduce onroad emissions through mixed-use development, expanding public transportation, increasing
bicycle routes, implementing ride share programs, transportation signal synchronization
programs, travel demand management and others (Community Climate Action Plan, 2020).
Whereas some GHG reduction strategies are easily implemented within a few years, others will
take significantly more time. Mixed-use development is recognized to be unclear in how long
significant results will follow. The key to achieving the county’s goal is to group strategies by
potential implementation timeframes, grouping programs by either short or long term benefits,
retrospective to the county’s budget. Furthermore, the county needs to create a defined reduction
goal for all of Los Angeles County. At present the climate action plan only has stated on-road
emissions reduction goals for the unincorporated region. The county has left the incorporated
cities to create their own climate action plans and goals. Cities like Los Angeles and Santa
Monica are actively working towards their own climate action goals and it would be
advantageous to communicate these plans through an organized county-level plan that brings all
the cities together.
Many reduction strategies are highly influenced by free-market fluctuations and socioeconomic tastes and preferences. Previous research has indicated that city managers often fail to
account for competing objectives when implementing climate change mitigation strategies, urban
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densification efforts and disaster response (Asprone and Manfredi, 2014). It would be highly
advantageous to conduct a public survey in order to better understand cultural tastes and
preferences across the county, with regards to alternative transportation options as well as how
this relates to changes in income. A public survey would be able to fill in urban planning gaps,
that are more based on assumption than local specificity. A socio-economic survey working to
better understand cultural factors that contribute to both patterns of urban sprawl and
transportation preferences, linked with income levels would significantly aid the implementation
of climate action goals. In many aspects, Los Angeles County’s climate action plan is lacking a
clear understanding of cultural patterns that contribute to different levels of emissions over time.

Data Limitations
Los Angeles County formalized their initial climate action goals in 2015 with the desire
to reduce emissions below 2010 levels by 2020. The proper implementation of new policies is
recognized to take more than a few years. The data analysis in this paper is limited to acting as a
potential indicator to analyze association between densification and emissions, and to evaluate if
these trends are noticeable, within the first few years after the creation of the climate action plan.
Updating this analysis to include data before and after the implementation of large scale urban
development projects that results in changes in urban density and population density would
ultimately serve as a more effective analysis of the county’s climate action plan.
There are various limitations within the dataset used for this research. Although Los
Angeles County consists of 111 cities, this research is limited to 30 selected cities due to missing
travel time data necessary to calculate on-road emissions estimates. Various smaller cities within
the county do not have sufficient resources for proper data collection or do not allow such
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findings to be public. Limiting the data set to only 30 cities proves to be difficult when working
towards results that are meaningful and does not provide a clear picture of trends that are
representative of the county as a whole. The cities that are less affluent and unable to collect the
necessary data are not included in this analysis, which significantly confounds the accuracy of
this studies results.
There is possible aggregation fallacy, for larger cities that consist of a wide range of
urban types, within themselves. Each city in this analysis contains differing levels of mediumlow and high density development, often containing sectors from both, mixed by acreage.
Commuting emissions data is however averaged across the city as a single factor. It would be
statistically most accurate to evaluate specific areas corresponding to their specific commute
times, within a microscale. For this reason, it is recognized that with more time, this analysis
would be best performed by Transportation Analysis Zones (TAZs), demographic areas
organized by the Southern California Association of Governments (scag.ca.gov). The potential
use of TAZs would allow for more local decision making and effective urban planning. TAZs
were not used in this paper within Los Angeles County as they are limited to 2016 alone. Lastly,
although it is assumed in this analysis, it is not entirely clear if the trends that take place in the
incorporated county regions are predictive of the unincorporated zones with the same specificity.

V. Conclusion
Los Angeles County aims to significantly increase urban density and incorporate mixed
use development to effectively reach climate action goals. A newly found focus is being given to
the effects of urban planning and spatial distribution, with regards to on-road emissions. Only
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recently have researchers attempted to accurately quantify the relationship between urban
development patterns and subsequent CO2 emissions over time (Wang et. al., 2014)
The results of this study suggest that for Los Angeles County, the most effective
reduction strategy is increasing population density rather than building density. There is a small
association between population density and reduced on-road emissions between 2013 and 2017.
A 1% increase in people per square mile is associated with a decrease of on-road daily
commuting emissions by .031% measured in lbs of CO2 per capita (Table 3). There is a smaller
association with increasing acres of high density urban development with reducing on-road
emissions. Increasing acres of medium-low density parallels increasing daily average per capita
emissions associated with commuting, affirming the logic that urban sprawl contributes to longer
commute times. However, the results from this research reflect a need to better understand
potential time variables that contribute to effective climate action planning. Both increased
population density and mixed-use development patterns are a factor of socio-economic and
cultural trends that interplay differently in different regions. For Los Angeles County to
effectively reduce on-road emissions, the climate action plan needs to better understand time
variables that are associated with the implementation of key strategies.
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Appendix
R Script
rm(list=ls())
install.packages("tidyverse")
library(tidyverse)
install.packages("zoo")
library(zoo)
install.packages("lmtest")
library(lmtest)
install.packages("hutils")
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library(hutils)
install.packages(“glm2”)
library(glm2)
#Read in the data, make City a factor variable
Cities <- read_csv(paste0(path,"/Cities.csv"),
col_types = cols(City = col_factor(),
.default = col_double()))
as.ts(Cities, start(2013), end(2017), frequency(1))
#created a lagged variable for emissions
Cities <- Cities %>%
group_by(City) %>%
mutate(emislag = lag(PerCapitaEmissions, k=1)) %>%
ungroup()
#create logs of all variables to be regressed
Cities <- Cities %>%
mutate(logPerCapitaEmissions = log(PerCapitaEmissions),
logDevelopml = log(Developml),
logDeveloph = log(Developh),
logPopDens = log(PopDens),
logEmisLag = log(emislag))
#Correlation
cor(Cities$PerCapitaEmissions, Cities$Developml)
cor(Cities$PerCapitaEmissions, Cities$Developh)
cor(Cities$PerCapitaEmissions, Cities$PopDens)
#Regression using weights. Durbin Watson test will not work
#because of using weights
mod1 <- lm(logPerCapitaEmissions ~ logDevelopml + logDeveloph + logPopDens +
logEmisLag + as.factor(Year),
weights = Population,
data = Cities)
#Created a new dataset "expanded" by population. That is
#instead of frequency weighting by population, expanded so
#that the number of observations for every row correspond
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#to the population of that observation. You'll note how
#Population will then equal 1 for every single row
Cities2 <- weight2rows(Cities, weight.var = "Population")
#Now can run the model without weights using this new data set
mod2 <- glm2(logPerCapitaEmissions ~ logDevelopml + logDeveloph + logPopDens +
logEmisLag + as.factor(Year),
data = Cities2)
summary(mod2)
#With weights (expansion)
mod3 <- glm2(logPerCapitaEmissions ~ logDevelopml + logDeveloph + logPopDens
+logEmislag + as.factor(Year), weights = Population,
data = Cities)
summary(mod2)
#Breusch-Godfrey Test For Autocorrelation with lagged independent variable
bgtest(mod2)
bgtest(mod3)

#Mod3 shows no autocorrelation (p-value > lm test)
#statistical significance of coefficients decreases with lag variable but
#solves for autocorrelation.
#Results show pop dens decreases emissions more than developh, strong r-squared
#and p-value for model is statistically significant.

